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We have studied the interactions of 400 GeV/c protons with beryllium 

nuclei and observed hadrons produced at large transverse mmnenta (pA) back 

to back near 90' in the proton-nucleon center of momentum system. When both 

transverse momenta exceed about 2.6 GeV/c we observe that the probability per 

single hadron of observing a second high pl hadron on the opposite side 

approximately scales in the ratio of the two transverse momenta (xe scaling). 

Quantum number correlations between the opposite going high pl hadrons are weak. 
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In previous letters (l)‘(*)we have presented results on the 

production of massive hadron pairs interpreted as decay products of inter- 

lnediate states, and a measurement of the nucleon number dependence of the 

pair production cross sections. In this paper we present data on x,-scalhg 

and quantlnn number correlations, both of which probe the underlying interaction 

process. 

We have studied the interactions of 400 GeV/c protons in a 

bxyllim target and observed hadrons produced back-to-back near 90° in the 

proton-nucleon center of mcmentlrm system (CXS). Figore 1 shows a diagram of 

cur double-am mgnetic spectrometer (l-3 , equipped with Eerenkov particle 

identification and hadron calorimeter triggering. Calorimeter signals(l) 

wa-e weighted with scintillation counter production angle information in order 

to form a signal proportional to the transverse wxnentum (pa) of the hadmn in 

each arm. The pair trigger required that the swn of the two pl signals exceed 

8 preset threshold. Prescaled single hadrcn data were taken simultaneously 

with the pair data by triggeftig on each pL signal separately. Ihe efficiencies 

of the d&,triggers were ~sured during mns with less restrictive triggers. 

Trajectories of hadrons were measured with &t&ire pmportional chambers. 

All detectors were placed downstream of the analysing magnets so that high beam 

intensities could be accepted. A discussion of systewtic~ errors has been 

report& earlier(lB2). 

In the following, one of the spectrcxwter anus till be 

arbitrarily designated as the “trigger arm”, while the other one will be 

callal the “away a&‘. We average over both possible choices where appropriate. 

WC then define(4) the ratio of the transverse n~menta in the two arms as 

xe EP J.aba J PLtrig’ We define the away side multiplicity n(x@n) to be the 

conditional ,probability of finding an awry side hadmn with xo~ xemin ‘for all 
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events where a hadron with pAtrig in a given range was detected in the 

trigger arm. We denote by dn/dxe the corresponding differential conditional 

probability. In this experiment, these probabilities are given by the ratio 

of pair events to single hadmns within the relevant ranges in xe and p arig’ 
Appropriate corrections are made for &renkov acceptance and trigger 

efficiencies as a function of pL so that the quoted probabilities are given 

for all hadrons emitted into our total away side (0s) solid angle of 

65 millisteradians. This acceptance (of each spectrometer arm) in prodtition 

angle (e) and azimth (+) is closely approximated by Ices(e) 1 ( 0.31 and 

I*(a)1 2 (0.0525 + 0.05 ws (e) ) radians. Note that due to the small 

.acceptance in +, only nearly coplanar pairs are accepted. 

The function dn/dx,(xe) is closely related to the “quark decay 

ftmction” defined in constituent Scattering models (‘-‘) and as such should be 

nearly independent of pAtrig. lhis indqendence is called ‘5ce scaling”. We 

have investigated the validity of xe scaling by plotting n(xemin) for various 

xemin as a function of pAtrig. Fig. 2 she+ cur data on h+ h’ pairs for 

patrig fm 2 to 6 GeV/c. (The symbol h represents a charged hadron regardless 

of identification.) We note that once plrrig exceeds about 2.6 G&‘/c, the 

away side multiplicity is nearly independent of pAtrig, in spite of the large 

change in single hadron cross sections (about a factor of 105) between 

pI of 2.6 and 6 &Y/c. 

In a constituent scattering picture, the small size of our 

aziauthal angle acceptance makes our measurements sensitive to the transverse 

lODenta of the hadrons within -the jets and the initial transverse m31Penta of 

the constituents within the beam and target nucleons. Therefore we compjre 

our data with the predictions of a specific quark-quark scattering nude1 

form+ - a @uction into our’ apparatus (101. We have extrapolated the lllodel 

predictions from nuclwn number A=1 @ and n average) to bcryllilsn, using 
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OUT mas”rcme”ts(2) on a tungsten target with the assmption that dihadmn 

production cross sections are proportional to A”. The essential quantity 

entering the extrapolation procedure is the difference between (I values for 

ptir events and single hadrons. 7he extrapolated model predictions arc 

shmm in Fig. 2 as bands the limits of which $Orrespond to our unccrtai~nty 

in 0. The absolute level of the predictions is quite sensitive to the 

initial tramverse momentm distribution of the constituents (which is poorly 

kmm) but the shape of the predictions reflects the constituent nature of 

the nxJdel~O!. 7he predictions have all been divided by an arbitrary factor 

of 5.6 (in al?ition to ignoring all hadrons other than pi.ons) in order to 

achieve the level of agreement with the data shown in Fig. 2. At low pAtrig 

the curws of the measured mltiplicities do not exhibit the expected shapes. 

Hwewr, at higher pAtrig the predicted awoximte xe scaling is observed. 01) 

Cur data are consistent with results in proton-proton collisions u2,13), ht 

axr relatively high statistical pmcision enables us to cover a broader range 

in pl (and especially in x1 = 2 p,//i). This observation of xe scaling supports 

the relex+xe of constituent scattering mdels at high 9. . 

Experiments in which both high pl hadrons are identified can, 

in a constituent scattering picture, differentiate models in which the 

tierlying scattering mechanism is flavor independent from tkwe in which 

wtm numbers are exchanged between the participating constituents. ln the 

first case(*“‘*) the multiplicity of 1, K and p in the away arm does not 

d@ on the specks in the trigger arm (141. In the secoxl case(‘) one could 

expect an enluncenent of K’ opposite K- (strangeness exchange) and of popposite 

p (tar)un iumber exchange). 

In Fig. 3 the differential probability dn/dxa for finding a K- 

in the a~ay arr~ is plotted for events triggered by x* and K’. We see that both 

in sh;lpe and absolute love1 the Km production in the away am is indepondcnt 



of the trigger species. Hence we‘see no evidence for strangeness exchange 

in the region 3 2 p < 4 eev/c. Atrig - ‘. 

Figure 4 shows the away side multjplicitjcs “(0.75) for all 

species ccmbinations with significant statistical accuracy in the hi~gh 

pI region. In this figure we have added a 10% systemtic uncertainty in 

qadrature with the statistical uncertainty. The arrows show for compar’i~~n 

our measured single badron ratios at p< 3.3 GeV/c (nmmliz~ at about the 

pion away side mltiplicity). In all cases the away side multiplicities are 

roughly independent of the trigger species and similar to the single hadron 

ratios, supporting a flavor !ndependent constituent scattering picture. Pion 

multiplicities opposite K , p and E, however, are smaller than those opposite 
+ - 

= s ” and K+. Hence, deviations from exact flavor independence are 

observed. We indicate with dashed error bark values of n extrapolated to 

A = 1 using our’limited information (2) on the A dependence of pair cross 

sections as a function of species. The accuracy of the data is decreased by 

the extrapolation but the above conclusions are not altered. (In Particular 

the extrapolation decreases the K*K- correlation relative to r+K-.) 

Because of the excess of p over p and K’ over K- seen in 

Fig. 4, our data show an excess of h’ over h- opposite all meson triggers. We 

do not observe the strong enhancement of the h+/h- ratio on the away side 

opposite K- and p triggers(“) reported in reference 13. However, the two 

experiments do cover different kinematic regions, particularly in xl. 

In smmry, we have observed approximte xe scaling of the 

conditional probability to observe a high pl hadron opposite a high p*trigger. 

Detailed calculations(lO) succeed in predicting the shapes of the scaling 

curves but fail to predict the level. Quantum nmber correlations between 

the opposite going hadrons arc weak but deviations from exact flawr 

independence have been obscrvcd. 
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FICUllli CAMTONS 

Fig. 1 Diagram of our apparatus. 

Fig. 2 The amy side mltiplicitics n(xemin) as a function of trigger 

transverse mmentm pltrig for dihadrons (h*h’) . The dashed 

bands give the predictions of a hard scattering model for (xx)(~‘) 

into our apparatus including the extrapolation from A=1 to 

beryllim and its uncertainty. Corrections have been mde for 

the pI dependence of the apparatus acceptance (see text). Ihe 

multiplicities are shown for four different values of xemin. 

Since dn/dx,(xe) is a steeply falling function of xe (see Fig. 3), 

the titiplicities are largely uncorrelated and sample difftirent 

regions of xe. 

Fig. 3 The differential ccslditional probability dn/dxe(xe) for finding a 

K- in the away arm for events triggered by X+ and K’. These are 

belylliup ‘data. 

Fig. 4 The away side nmltiplicity "(0.75) for Eerenkov identified hadruns 

opposite various trigger species. The arrows show our measured 

single hadron ratios (nornul.ited at about the pion awy side 

multiplicity). ‘Ihe points with dashed error bars have ken 

extrqolated to kl. 
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